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(57) Abstract 

A surface of aluminiferous metal is brought into contact at 25 to 65 C» for 2 to 100 seconds with a surface treatment bath with a 

1 f 12 nn oMHn wherein each of Ri R3, R". and R5 represents a C, to Co alkyl group or a C, to Co hydroxyalkyl group; the 
L^TetK r^um^T ofTlieL substituted on each aromatic ring in the po.ynier molecules is from 0.2 to 1.0; n is an mteger. 

and the average value of n for the total polymer is from 2 to 50. 
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Description 

COMPOSITION AND PROCESS FOR TREATING THE SURFACE OF 
ALUMINIFEROUS METALS 

Technical Field 

The present invention relates to novel compositions and processes for 
surface treatment of metallic materials containing aluminum as their predominant 
constituent (e.g., alloys such as Al-Mn. Al-Mg. Al-Si, and the like). These 
compositions and processes confer outstanding corrosion resistance and adhe- 
sion to paint on the surface of aluminum-containing metal before painting this 
metallic material. The surface treatment of aluminum drawn and ironed (hereinaf- 
ter usually abbreviated as "Dl") cans is a field in which the present invention can 
be applied to particular benefit. Thus, it is possible by means of the present in- 
vention to confer on the surface of aluminum Dl cans formed by drawing and 
ironing sheet aluminum alloy, before carrying out painting and printing, better cor- 
rosion resistance and adhesion to paint than with prior methods, and the superior 
low-friction characteristics needed for smooth conveyance of the cans, which 
hereinafter may be briefly denoted simply as "mobility". 
Backoround Art 

Liquid compositions, which hereinafter are often called "baths" for brevity, 
even though they may be used by spraying or other methods of establishing 
contact than immersion, that are useful for treating the surface of aluminiferous 
metals, defined as aluminum and its alloys that contain at least 50 % by weight 
of aluminum, may be broadly classified into chromate-type treatment baths and 
non-chromate-type treatment baths. The chromate-type surface treatment baths 
typically are divided into chromic acid chromate conversion treatment baths and 
phosphoric acid chromate conversion treatment baths. Chromic acid chromate 
conversion treatment baths were first used in about 1950 and are still in wide use 
at present for the surface treatment of, for example, heat exchanger fins and the 
like. Chromic acid chromate conversion treatment baths contain chromic acid 
(i.e., Cr03) and hydrofluoric acid (HF) as their essential components and may 
also contain a conversion accelerator. These baths form a coating that contains 
small amounts of hexavalent chromium. 
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The phosphoric acid chromate conversion treatment bath was invented 
in 1945 (see U. S. Patent 2,438,877). This conversion treatment bath contains 
chromic acid (CrOj), phosphoric acid (H3PO4), and hydrofluoric acid (HF) as its 
essential components. The main component in the coating produced by this bath 
is hydrated chromium phosphate (CrP04*4 H2O). Since this conversion coating 
does not contain hexavalent chromium, this bath is still in wide use at present as, 
for example, a paint undercoat treatment for the lid and body of beverage cans. 
However, these chromate type surface treatment solutions are environmentally 
problematic because the bath, unlike the coating formed with it, contains hexa- 
valent chromium; therefore, the use of treatment solutions which do not contain 
hexavalent chromium is desirable. 

The treatment bath taught in Japanese Patent Application Laid Open [Ko- 
kai or Unexamined] Number Sho 52-131937 [131 ,937/1977] is typical of the non- 
chromate-type conversion treatment baths. This treatment bath is an acidic (pH 
= approximately 1.0 to 4.0) waterbome coating solution that contains phosphate, 
fluoride, and zirconium or titanium or their compounds. Treatment of aluminifer- 
ous metal surfaces with this non-chromate-type conversion treatment bath pro- 
duces thereon a conversion film whose main component is zirconium and/or ti- 
tanium oxide. The absence of hexavalent chromium is one advantage associat- 
ed with the non-chromate-type conversion treatment baths; however, the conver- 
sion coatings produced by them in many instances exhibit a corrosion resistance 
and paint adherence that is inferior to those of the coatings generated by chro- 
mate-type conversion treatment baths. 

The use of water-soluble resins in surface treatment baths and methods 
intended to provide aluminiferous metals with corrosion resistance and paint ad- 
herence is described, for example, in Japanese Patent Application Laid Open 
[Kokai or Unexamined] Numbers Sho 61-91369 [91,369/1986] and Hei 1-172406 
[172,406/1989], Hei 1-177379 [177,379/1989], Hei 1-177,380 [177,380/1989], 
Hei 2-608 [608/1990], and Hei 2-609 [609/1990]. In these examples of the prior 
art surface treatment baths and methods, the metal surface is treated with a so- 
lution containing a derivative of a polyhydric phenol compound. However, the 
fomiation of an acceptably stable resin-containing coating on the aluminiferous 

2 
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metal surface sometimes is highly problematic with these prior art methods, and 
they do not always provide an acceptable performance (corrosion resistance). 
The invention described in Japanese Patent Application Laid Open [Kokai or 
Unexamined] Number Hei 4-66671 [66,671/1992] constitutes an improvement to 
5 treatment methods that use polyhydric phenol derivatives, but even in this case 
the problem of an unsatisfactory adherence sometimes arises. 

The surface of Dl aluminum cans is at present treated mainly with the 
above-described phosphoric acid chromate surface treatment baths and zirconi- 
um-containing non-chromate surface treatment baths. The outside bottom sur- 
face of Dl aluminum cans is generally not painted, but is subjected to high-tem- 
perature sterilization by immersion in boiling tap water. If the corrosion resist- 
ance of the aluminum is poor, it will become oxidized and darkened by 
components In the tap water. This phenomenon is generally known as "blacken- 
ing". 

Some aluminum Dl cans are sterilized with high-pressure steam; however, 
a known problem of this process is whitening of the appearance by the growth 
of aluminum oxide crystals due to steam. In order to avoid this problem, the out- 
er surface of the bottoms of aluminum Dl cans sterilized with high-pressure 
steam has to be protected by painting. Ideally, the coating produced by surface 
treatment by itself, even when unpainted, would have to exhibit a high corrosion 
resistance. 

Tuming to another issue, a high friction coefficient for the can's exterior 
surface will cause the can surface to have a poor mobility during the conveyor 
transport that occurs in the can fabrication and finishing processes. This will 
cause the can to tip over, which will obstruct the transport process. Can trans- 
portability is a particular concern with regard to transport to the printer. Thus, 
there is demand in the can fabrication industry for a lowering of the static friction 
coefficient of the can's exterior surface, which, however, must be achieved 
without adversely affecting the adherence of the paint or ink v^ich will be coated 
on the can. The invention disclosed in Japanese Patent Application Laid Open 
[Kokai or Unexamined] Number Sho 64-85292 [85.292/1989] is an example of 
a method directed to improving this mobility. This invention relates to a surface 
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treatment agent for metal cans, NA^ierein said surface treatment agent contains 
water-soluble organic substance selected from phosphate esters, alcohols, mon- 
ovalent and polyvalent fatty adds, fatty acid derivatives, and mixtures of the pre- 
ceding. While this method does serve to increase the mobility of aluminum cans, 
5 it affords no improvement in con-osion resistance or paint adherence. The inven- 
tion described in Japanese Patent Application Laid Open [Kokai or Unexamined] 
Number Hei 5-239434 [239,434/1993] is another method directed to improving 
the mobility of aluminum cans. This invention is characterized by the use of 
phosphate esters. This method does yield an improved mobility, but again it af- 
fords no improvement in corrosion resistance or paint adherence. 
Disclosure of the Invention 

Problems to Be Solved bv the Invention 
The present invention is directed to solving the problems desaibed above 
for the prior art. In specific terms, the present invention introduces a composition 
and method for treating the surface of aluminiferous metal which are able to pro- 
vide the surface of aluminiferous metal with an excellent corrosion resistance and 
paint adherence. When applied in particular to Dl aluminum cans, said composi- 
tion and method impart thereto an excellent mobility in combination with an ex- 
cellent corrosion resistance and paint adherence. 

Summary of the Invention 
It has been found that the problems described above for the prior art can 
be solved when a specific type of surface treatment bath, which contains a com- 
bination of phosphate ions, at least one zirconium compound or titanium com- 
pound, a fluoride, and a water-soluble resin having a specified stnjcture, com- 
bined in specified proportions, is brought into contact with the surface of an alum- 
inum-containing metallic material, and the thus treated surface of the metallic 
material is then rinsed with water and hot dried. It was found that the application 
of this surface treatment bath to the surface of aluminiferous metal will form 
thereon a very corrosion-resistant and highly paint-adherent resin-containing 
coating. It was also found that application of said bath to Dl aluminum cans 
forms thereon a resin-containing coating that exhibits an improved mobility in ad- 
dition to an excellent corrosion resistance and paint adherence. The invention 
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was achieved based on these discoveries. 

Brief Description of the Drawings 
Figure 1(A) is a top view showing cans to be tested for coefficient of fric- 
tion in place on a tiltable plate in testing apparatus. Figures 1(B) and 1(C) are 
5 front and side views respectively of the same apparatus, with cans in place there- 
on, as is shown in Figure 1(A). 

Details of the Invention. Including Preferred Embodiments Thereof 
A composition according to the present invention characteristically com- 
prises, preferably consists essentially of, or more preferably consists of, water 
10 and, in parts by weight: 

(A) from 1 to 1 00 parts of dissolved phosphate ions; 

(B) an amount of material selected from the group consisting of dissolved 
zirconium and/or titanium containing compounds that is stoichiometrically 
equivalent to from 1 to 50 parts of zirconium and/or titanium atoms; 

15 (C) an amount of material selected from the group consisting of dissolved 
fluorine containing anions that is stoichiometrically equivalent to from 1 to 
100 parts of fluorine atoms; and 
(D) from 1 to 200 parts of dissolved polymer conforming to the following gen- 
eral formula (I): 



OH 




in which each of and independently of each other and independent- 
ly from one unit of the polymer, said unit being defined as a moiety con- 

5 
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forming to a modification of formula (I) above with the brackets and the 
subscript n omitted, to another unit of the polymer represents a hydrogen 
atom, a to C5 alkyi group, or a to C5 hydroxyalkyi group; each of 
and independently of one another and independently for each unit of 
the polymer represents a hydrogen atom or a moiety "Z' which conforms 
to one of the following formulas (II) and (III): 



R 1 

— CH.^n"^ (II) 



_ + 

R3 



-CH 2 — N ^i-R* 



5 



(III) 



wherein each of R\ r4 rS jp fonnulas (II) and (III) independ- 

ently represents a to C^q ^'kyl group or a to C^q hydroxyalkyi group; 

*he-moiety-Z bonded to^ny single aromaticTingin^heTJolymer molecul^^^ 
may be identical to or may differ from the moiety Z bonded to any other 
aromatic ring in the polymer molecule; the average value for the number 
of 2 moieties substituted on each aromatic ring in the polymer molecule 
is from 0.2 to 1.0; n is a positive integer; and the average value of n over 
all of component (D). which may be referred to hereinafter as "the aver- 
age degree of polymerization", is from 2 to 50. This average value for the 
number of Z moieties substituted on each aromatic ring in the polymer 
molecules of total component (D) may be hereinafter referred to as the 
average value for Z moiety substitution. Preferably, in a single unit of the 
polymer, is the same as and. independently. Y^ is the same as Y^. 
Surface treatment compositions of the present invention optionally also 
may contain from 1 to 100 parts by weight of an oxidizing agent, which preferably 
comprises, more preferably consists essentially of, or still more preferably con- 
sists of at least one of the group consisting of hydrogen peroxide and organic 
peroxy compounds. 

Compositions according to the invention as described above may be ei- 
ther working compositions, suitable for directly treating aluminiferous metal sub- 
strates, or they may be concentrate compositions, which are useful for preparing 
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working compositions, usually by dilution of the concentrate compositions with 
water, and optionally, adjustment of the pH of the resulting working composition. 
In a working composition, independently for each component noted, the concen- 
tration of dissolved phosphate ions preferably is from 0.01 to 1 .0 gram per liter 
(hereinafter usually abbreviated as "g/L"), the concentration of component (B) 
preferably corresponds to a stoichiometric amount of from 0.01 to 0.5 g/L in total 
of atomic zirconium and atomic titanium, the concentration of component (C) 
preferably corresponds to a stoichiometric amount of from 0.01 to 2.0 g/L of 
atomic fluorine, the concentration of component (D) preferably is from 0.01 to 2.0 
g/L, and the pH preferably is from 1 .0 to 5.0. If any oxidizing agent is present in 
a working composition, its concentration preferably is from 0.01 to 1 .0 g/L. The 
pH of a concentrate composition preferably is from 0.8 to 5.0. 

A method according to the present invention for treating the surface of 
aluminiferous metal characteristically comprises contacting the surface of alumin- 
iferous metal with a surface treatment bath containing the above-described com- 
ponents according to the present invention, then rinsing the treated surface with 
water, and subsequently drying the surface. 

Phosphoric acid (H3PO4), sodium phosphate (Na3P04), ammonium phos- 
phate {(NH4)3P04} and the like can be used as the source of the phosphate ions 
in the surface treatment composition according to the present invention, and the 
full stoichiometric equivalent as P04'^ ions of any such dissolved sources is to 
be considered part of the phosphate ions content, irrespective of the actual de- 
gree of ionization that prevails in the composition. The phosphate ions content 
in the above-described formulation ranges from 1 to 100 parts by weight (here- 
inafter often abbreviated "pbw"), while a more preferred range is from 2 to 40 
pbw. based on 1 - 200 pbw of water soluble polymer component (D). Reaction 
between the surface treatment bath and the metal surface will be normally insuffi- 
cient and film formation often will be inadequate when the phosphate ions con- 
tent in the above-described formulation is less than 1 pbw. While a good-quality 
film is formed with more than 100 pbw of phosphate ions, the high cost of the re- 
sulting treatment bath makes such levels economically undesirable, because no 
additional benefit is achieved. 

7 
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Oxides such as zirconium oxide and titanium oxide, hydroxides such as 
zirconium hydroxide and titanium hydroxide, fluorides such as zirconium fluoride 
and titanium fluoride, and nitrates such as zirconium nitrate and titanium nitrate 
can be used as the source of the zirconium compound(s) and/or titanium com- 
5 pound(s) contained in a surface treatment composition of the present invention, 
but water-soluble compounds, and/or compounds that react to fomri water-soluble 
compounds, other than the above can also be used. The concentration of these 
compounds preferably corresponds to a stoichiometric equivalent of zirconium 
and/or titanium metal in the range from 1 to 50 parts by weight, or more prefer- 

10 ably from 2 to 8 parts by weight, based on 1 to 100 parts by weight of phosphate 
ions. At a ratio of less than 1 part by weight, the surface treatment often does 
not fonm an adequate coating film. Use of a ratio of these metals exceeding 50 
parts by weight is economically wasteful, because although a satisfactory coating 
film can be formed, there is no additional benefit and the cost is higher. 

15 Acids such as hydrofluoric acid (i.e., HF), fluozirconic acid (i.e.. H2ZrFg) 

and fluotitanic acid (i.e.. H2TiFe). and the like, and salts thereof (e.g. ammonium 
salts, sodium salts, and the like) can be advantageously employed as a source 
of fluoride in a surface treatment composition of the present invention, and can 
supply the zirconium and/or titanium required as well as the fluoride, but the in- 

20 vention is not restricted to using these compounds above. The ratio by weight 
of fluorine atoms in component (C) is preferably in the range from 1 to 200 parts, 
or more preferably from 3 to 60 parts, to 1 to 100 parts of phosphate ions. With 
a ratio of less than 1 part by weight, an adequate coating film is usually not form- 
ed because of the poor reactivity of the resulting surface treatment solution. A ra- 

25 tio of more than 200 parts by weight is undesirable, t)ecause the amount of etch- 
ing in the surface of the aluminum-containing metallic material becomes exces- 
sive and the appearance of the coating film is adversely affected. The most pref- 
erable fluoride content depends on the aluminum concentration eluting from the 
material, and hence will vary with this aluminum concentration. This is because 

30 the fluoride is needed in order for the eluted aluminum to remain present stably 
in the treatment solution as aluminum fluoride. For example, the quantity of fluor- 
ine needed to stabilize a treatment solution with an aluminum concentration of 
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1.0 g/L is about2 g/L 

Hydrogen peroxide, organic peroxy compounds, and acids such as nitrous 
acid, tungstic acid, molybdic acid and peroxy acids (e.g. peroxyphosphoric acid), 
etc., and salts thereof can be used as the oxidant contained in a surface treat- 
ment composition of the present invention. However, when effluent treatment af- 
ter use of the surface treatment solution containing this composition is consid- 
ered, the use of hydrogen peroxide as an oxidizing agent is most preferred, ex- 
cept that, when the surface treatment solution contains titanium, hydrogen perox- 
ide may form a complex compound with titanium and hinder the formation of a 
titanium containing coating film; in this case it is most preferable to use an organ- 
ic peroxy compound. Oxidizing agents have the effect of accelerating the veloc- 
ity of the reaction which produces a zirconium coating film or titanium coating film 
on the aluminum or aluminum alloy. Oxidizing agent is preferably present in 
amounts such as to give a ratio by weight of from 1 to 100 parts, or more prefer- 
ably from 2 to 50 parts, to 1 to 100 parts by weight of phosphate ions. With a 
content of oxidizing agent of less than 1 part by weight the benefits in terms of 
accelerating the reaction in surface treatment with an agent for surface treatment 
containing this is usually inadequate. And although there is no technical problem 
with using more than 100 parts by weight, this is economically wasteful because 
there is no extra benefit. 

Polymer according to formula (I) with an average n value less than 2 
yields only an insufficient improvement in the corrosion resistance of the resulting 
surface coating. The stability of the corresponding surface treatment composi- 
tion and surface treatment bath is sometimes inadequate and practical problems 
often ensue in the case of polymer (I) with an average n value greater than 50. 

The presence of 6 or more carbons in the alkyi and hydroxyalkyi groups 
represented by X"" and in formula (I) causes the resulting polymer molecule 
to be bulky and produces steric hindrance. This usually interferes with the forma- 
tion of the fine, dense coatings that exhibit excellent corrosion resistance. 

Polymer (I) contains the Z moiety as a substituent, and the average value 
for Z moiety substitution for each aromatic ring in the polymer molecule preferab- 
ly ranges from 0.2 to 1 .0. As an example, in a polymer with n = 10 that has 20 
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aromatic rings, if only 1 0 of these 20 aromatic rings are substituted by one Z moi- 
ety each, the average value for Z moiety substitution for this polymer is then cal- 
culated as follows: (1 x 10 ) / 20 = 0.5. 

The polymer usually is insufficiently water soluble when the average value 
5 for Z moiety substitution is below 0.2; this results in an insufficiently stable sur- 
face treatment concentrate and/or surface treatment bath. When, on the other 
hand, the average value substitution of an aromatic ring is by 2 or more moieties 
Z. the resulting polymer becomes so soluble in water that formation of an ade- 
quately protective surface film is impeded. 
1" The alkyi and hydroxyalkyi moieties encompassed by R"", R^, R^^ 

R^ in formulas (II) and (III) should contain from 1 to 10 carbon atoms each. The 
polymer molecule becomes bulky when this number of carbons exceeds 10; this 
results in a coarse coating and thereby in an insufficient improvement in the cor- 
rosion resistance. 

IS The content of water-soluble polymer (I) in the above-described formu- 

lation for the surface treatment composition according to the present invention 
ranges from 1 to 200 pbw. when the composition also contains from 1 to 100 pbw 
of phosphate ions. The formation of a coating on the metal surface by the corre- 
sponding surface treatment bath often becomes quite problematic when the con- 

20 tent of the water-soluble polymer in the above-described formulation is below 1 
pbw. Values above 200 pbw are economically undesirable due to the increased 
cost, with no added benefit. 

When the pH of a working composition is less than 1.0. the etching effect 
on the surface of aluminum-containing metallic material Is usually excessive, and 

25 as a consequence it may become difficult to form a coating film. On the other 
hand, if the pH exceeds 5.0. the resin is prone to precipitate, and as a conse- 
quence the useful life of the treatment solution is shortened and it becomes diffi- 
cult to form a coating film. The pH is most preferably kept within the range from 
2.0 to 4.0. The pH of the surface treatment solution in the method of the present 
30 invention is most preferably adjusted using nitric acid and ammonium hydroxide. 

If the surface treatment solution is contaminated with aluminum ions dis- 
solved from the material, the resin and the metal may form a complex and pro- 

10 
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duce a precipitate. The addition to the treatment solution of an aluminum se- 
questering agent is efficacious in such instances. It is also possible to add hy- 
drofluoric acid and sequester aluminum ions as an aluminum-fluorine complex; 
however, the addition of excess hydrofluoric acid must be avoided, because it 
hinders the deposition of zirconium and titanium. Ethylene diamine tetra-acetic 
acid. 1 ,2-cyclohexanediamine tetra-acetic acid, triethanolamine. gluconic acid, 
heptogluconic acid, oxalic add, tartaric acid, malic acid, an organic phosphonic 
acid, or the like, can also be efficaciously added as aluminum sequestering 
agents. 

Problems with the coating can occur due to foaming of the surface treat- 
ment bath when a spray treatment is used. The generation of foam and the in- 
tensity of foaming strongly depend on the type of spray equipment and the spray- 
ing conditions, and a defoamer is preferably added to the surface treatment bath 
when a foaming problem cannot be satisfactorily resolved by changes to the 
spray equipment and/or conditions. Such factors as the type and dispensing lev- 
el of the defoamer are not critical, provided that they do not impair the paint ad- 
herence of the resulting coating. 

A method or process according to the present invention in its simplest 
form is implemented by bringing an aluminiferous surface into contact with a 
working composition according to the invention as described above for a suffi- 
cient time to form a coating on the aluminiferous substrate, then rinsing the coat- 
ed substrate with water, and drying the rinsed coated surface. The temperature 
and time during the contacting between a working composition according to the 
invention and the substrate are not narrowly restricted, but a time of 2 to 100. 
more preferably 3 to 50. or still more preferably 5 to 20, seconds and. independ- 
ently, a temperature of 25 to 60 X are generally preferred. With a contact time 
of less than 2 seconds, the reaction of the treatment solution and the surface of 
the metallic material is usually inadequate, so that a coating film with outstanding 
corrosion resistance cannot be obtained. When the time exceeds 100 seconds, 
there is usually no substantial improvement in perfomnance of the resulting coat- 
ing film. 

Contact between the aforementioned surface treatment solution and the 



11 

SUBSTITUTE SHEET (RULE 26) 



wo 97/04145 



PCT/US96/1I537 



surface of the aforementioned metallic material may be carried out by immersing 
the aforementioned metallic material in the aforementioned surface treatment so- 
lution, or by spraying the aforementioned surface treatment solution onto the sur- 
face of the aforementioned metallic material. It has been found that, when the 
treatment solution is sprayed, the formation of the coating film may be inade- 
quate if the treatment solution is sprayed continuously. Consequently, intermit- 
tent spraying twice or more, with an interspraying interval of from 1 to 5 seconds 
between is prefen^ed. Inasmuch as no rinsing or other method of forcibly remov- 
ing the treatment solution according to the invention is normatly undertaken dur- 
ing these short interspraying intervals, some contact between the treatment solu- 
tion and the substrate being treated is believed to persist, and the total treatment 
contact time is defined to include the interspraying intervals as well as the per- 
iods of time during which contact is forced by spraying. 

The three steps noted above for a minimal process according to the inven- 
tion may be. and usually preferably are, supplemented by other steps that are 
known perse. For example, careful cleaning of the substrate to be treated is al- 
most always preferred. Also, known phosphoric acid treatment solutions for 
aluminum treatment can be utilized prior to a treatment with a working composi- 
tion according to the invention. Concrete examples of such treatments include 
the treatment solutions taught in Japanese Examined Patent 52-131937 and Jap- 
anese Unexamined Patent 57-39314. When these treatment solutions do not in- 
clude any component which detracts from the benefits of the present invention 
the treatment of the present invention can be performed immediately after the 
other treatment without intervening rinsing with water. When the phosphoric acid 
treatment solution does include an ingredient which detracts from the benefits of 
the present invention, the surface treatment of the present invention is preferably 
performed after washing with water following the other phosphoric acid treat- 
ment. 

Non-exclusive examples of suitable complete process sequences 
according to the invention for aluminum cans are: 
Surface treatment process 1 

(1 ) Surface washing of Dl cans : degreasing (can be an acid system, alkaline 
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system or solvent system) 
Treatment temperature : 40 - 80 **C 
Method of treatment : spray 
Duration of treatment : 25 - 60 seconds 
s (2) Rinsing with water 

(3) Surface treatment with a surface treatment solution of the present inven- 
tion 

Treatment temperature : 25 - 60 **C 
Method of treatment : spray 
10 Duration of treatment : 15-100 seconds 

(4) Rinsing with water 

(5) Rinsing with deionized water 

(6) Drying 

Surface coatino process 2 
15 (1 ) Surface washing of Dl cans : degreasing (can be an acid system, alkaline 

system or solvent system) 

Treatment temperature : 40 - 80 **C 

Method of treatment : spray 

Duration of treatment : 25 - 60 seconds 
20 (2) Rinsing with water 

(3) Phosphate treatment previously known, as exemplifed above 

Treatment temperature : 25 - 60 **C 

Method of treatment : spray 

Duration of treatment : 8 - 30 seconds 
25 (4) Surface treatment with a surface treatment solution of the present 

invention 

Treatment temperature : 25 - 60 
Method of treatment : spray 
Duration of treatment : 2 - 30 seconds 
30 (5) Rinsing with water 

(6) Rinsing with deionized water 

(7) Drying 
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Surface treatment process 3 

(1 ) Surface washing of Dl cans : degreasing (can be an acid system, alkaline 
system or solvent system) 

Treatment temperature : 40 - 80 **C 
Method of treatment : spray 
Duration of treatment : 25 - 60 seconds 

(2) Rinsing with water 

(3) Phosphate treatment previously known, as exemplifed above 
Treatment temperature : 30 - 50 **C 

Method of treatment : spray 
Duration of treatment : 8 - 30 seconds 

(4) Rinsing with water 

(5) Surface treatment with a surface treatment solution of the present inven- 
tion 

Treatment temperature : 25 - 60 *C 
Method of treatment : spray 
Duration of treatment : 2 - 30 seconds 

(6) Rinsing with water 

(7) Rinsing with deionized water 

(8) Drying 

Aluminiferous metal substrates that may be subjected to the method ac- 
cording to the present invention comprise, for example, the sheet, bar, tube, wire, 
and like shapes, of aluminum and its alloys, e.g., aluminum-manganese alloys, 
aluminum-magnesium alloys, aluminum-silicon alloys, and the like. There are 
absolutely no limitations on the dimensions or shape of the aluminiferous metal. 

The polymer composition according to the present invention may contain 
a preservative or antimold agent. These function to inhibit putrefaction or mold 
growth when the surface treatment bath is used or stored at low temperatures. 
Hydrogen peroxide is a specific example in this regard. 

The quantity of surface coating film fonmed by the present invention on the 
surface of a metallic material containing aluminum is preferably from 6 to 20 
milligrams per square meter (hereinafter usually abbreviated as "mg/m^) as a 
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mass of atomic zirconium and/or atomic titanium. If this is less than 6 mg/m the 
con"Osion resistance of the coating film obtained becomes inadequate, and when 
it exceeds 20 mg/m^ the adhesion of the coating film to paint becomes inade- 
quate. 

The invention is illustrated in greater detail below through working examp- 
les, and its benefits may be further appreciated by contrast with the comparison 
examples. The individual surface treatment bath components and surface treat- 
ment methods are respectively described in the working and comparative examp- 
les. 

Examples 

1. Test materials 

Aluminum Dl cans made by Dl processing of sheet aluminum were sub- 
mitted to surface treatment after cleaning using a hot aqueous solution of an 
acidic degreasing preparation (named PALKLIN® 500. from Nihon Parkerizing 
Co.). 

2. Methods of evaluation 

2.1 Corrosion resistance 

The corrosion resistance of the aluminum Dl cans was evaluated on the 
basis of resistance to darkening in boiling water and resistance to whitening 
when exposed to hot steam as described below. 

2.1.1 Resistance to darkening 

The surface-treated aluminum Dl cans were immersed for 30 minutes in 
boiling tap water, and the degree of discoloration (darkening) caused thereby 
was assessed visually. The results of this test are reported on the following 
scale: 

+ no blackening 

X partial blackening 

X X blackening over entire surface. 

2.1.2 Resistance to whitenina 

Surface treated aluminum Dl cans were placed for 30 minutes in a high- 
pressure steam autoclave at 121 °C, after v^ich whitening of the surface was vis- 
ually evaluated. The results of this test are reported on the following scale: 
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+ no whitening 

X partial whitening 

X X whitening over entire surface. 

2.2 Mobility 

Mobility was evaluated based on the following test using the sliding tester 
depicted in Figures 1(A), (B), and (C). Three of the surface-treated aluminum Dl 
sample cans were placed on the horizontally positioned tiltable plate 1 in the 
sliding tester. Two of the cans, designated as 2a, were loaded with their bottom 
ends facing to the front. The remaining single can, designated as 2b, was loaded 
with its open end facing to the front. 

The tiltable plate 1 was then tilted at a constant rate of 3"^ of angle per sec- 
ond by the action of the motor 3. The coefficient of static friction was calculated 
from the angle of inclination, detemiined from the time required until at least one 
can fell off. The results of this test are reported on the following scale: 

+ coefficient of friction less than 1 .0 

X coefficient of friction greater than 1 .0 but less than 1 .5 

XX coefficient of friction 1 .5 or greater. 

2.3 Test of adhesion to paint 

Adhesion to paint was evaluated by painting an epoxy-urea can paint onto 
the surface of surface-treated aluminum cans to a paint film thickness of 5 to 7 
micrometers (hereinafter usually abbreviated as "pm"), baking at 215 °C for 4 
minutes, then cross-hatch cutting the surface to be evaluated with a knife so as 
to produce 100 squares each 2 millimeters on each edge, and performing a cel- 
lophane tape peel test to detenmine primary adhesion. After this, the sample was 
immersed for 60 minutes in a container of boiling aqueous liquid with the compo- 
sition given below, and the cellophane tape peel test was performed again to de- 
termine secondary adhesion. Adhesion was reported as either the presence or 
absence of peeling. 

Aqueous liouid composition for secondary adhesion test 

Sodium chloride 5 g/L 

Citric acid 5 g/L 

Deionized water for the balance of the composition. 
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Example 1 

Cleaned Dl aluminum cans were spray treated for 20 seconds with ALO- 
DINE® 404 zirconium phosphate surface treatment solution for aluminum Dl 
cans (commercially supplied by Nihon Parkerizing) warmed to 35 ''C, and then 

5 spray treated for 10 seconds with Surface Treatment Solution 1 of the composi- 
tion below warmed to 35 ^'C. They were then rinsed with tap water, sprayed for 
10 seconds with deionized water having a resistance of ^3,000,000 ohm»cm, and 
then dried for 2 minutes in a hot air drier at 200 <*C. These aluminum Dl cans 
were then evaluated for corrosion resistance and adhesion by the aforemention- 

10 ed methods. 

Composition of Surface Treatment Solution 1 (ppm = parts per million of the total 
composition by weight) 

75 % Phosphoric acid (i.e., H3PO4) 138 ppm (PO4 : 100 ppm) 

20 % Fluozirconic acid (i.e., HjZrFg) 1 137 ppm (Zr : 100 ppm) 

IS 20 % Hydrofluoric acid (i.e.. HF) 235 ppm (F^ : 170 ppm) 

Water-soluble resin (solids basis) 500 ppm 

The water-soluble resin conformed to Formula (1) above when n 
= 5. = = hydrogen atoms, and = = CH2N(CH3)2. 
pH 3.0, adjusted using nitric acid and aqueous ammonia. 
20 Example 2 

Cleaned aluminum Dl cans were initially spray treated in the same manner 
as described in Example 1 prior to treatment with Surface Treatment Solution 1, 
then spray treated for 10 seconds with Surface Treatment Solution 2 of the 
composition below wamned to ^35 "C. The cans were then rinsed with tap water, 
25 washed with deionized water and hot-air dried as in Example 1 . These aluminum 
Dl cans were then evaluated for corrosion resistance and adhesion by the 
aforementioned methods. 



Mn this and all subsequent treatment compositions according to the invention 
shown, the value is for the total amount of fluoride from all sources specified. In this in- 
stance, both the fluozirconic acid and the hydrofluoric acid used supply fluoride to the 
composition. 

17 

SUBSTITUTE SHEET (RULE 26) 



wo 97/04145 



PCT/US96/I1537 



Compositi on of Surface Treatment Solution 2 

75 % Phosphoric acid (i.e., H3PO4) 138 ppm (PO4 : 100 ppm) 

20 % Fluozirconic acid (i.e., HjZrFg) 455 ppm (Zr : 40 ppm) 

20 % Hydrofluoric acid (i.e., HF) 210 ppm (F : 90 ppm) 

Water-soluble resin 750 ppm 

The water-soluble resin was the same as that used in Surface 

Treatment Solution 1 . 
pH 3.0, adjusted using nitric acid and aqueous ammonia. 
Example 3 

Cleaned aluminum Dl cans were spray treated in the same manner as de- 
scribed in Example 1 prior to treatment with Surface Treatment Solution 1. then 
spray treated for 5 seconds with Surface Treatment Solution 3 of the composition 
below warmed to 45 "C. They were then rinsed with tap water, washed with de- 
ionized water and hot-air dried as in Example 1. These aluminum Dl cans were 
then evaluated for corrosion resistance and adhesion by the aforementioned 
methods. 

Composition of Surf ace Treatment Solution 3 

75 % Phosphoric acid (H3PO4) 41 3 ppm (PO4 : 300 ppm) 

20%Fluotitanicacid (HjTiFg) 683 ppm (Ti:40ppm) 
20% Hydrofluoric acid (HF) 262 ppm (F : 100 ppm) 

Water-soluble resin 750 ppm 

The water-soluble resin was the same as that used in Surface 
Treatment Solution 1. 
pH 3.0. adjusted using nitric acid and aqueous ammonia 
Example 4 

Cleaned aluminum Dl cans were spray treated in the same manner as de- 
scribed in Example 1 prior to treatment with Surface Treatment Solution 1. then 
treated by immersion for 30 seconds in Surface Treatment Solution 4 of the com- 
position below warmed to 50 "C. They were then rinsed with tap water, washed 
with deionized water and hot-air dried as in Example 1. These aluminum Dl cans 
were then evaluated for corrosion resistance and adhesion by the aforemen- 
tioned methods. 
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Composition of Surface Treatment Solution 4 



75 % Phosphoric acid (H3PO4) 138 ppm 

20 % Fluozirconic acid (H2ZrFe) 1 1 37 ppm 

20 % Hydrofluoric acid (HF) 235 ppm 

Water-soluble resin 500 ppm 



(PO4 : 100 ppm) 
(Zr : 40 ppm) 
(F : 170 ppm) 



The water-soluble resin was the same as that used in Surface 

Treatment Solution 1. 
pH 2.8. adjusted using nitric acid and aqueous ammonia 
Example 5 

Cleaned aluminum Dl cans were spray treated in the same manner as de- 
scribed in Example 1 prior to treatment with Surface Treatment Solution 1 , then 
spray treated for 8 seconds in Surface Treatment Solution 5 of the composition 
below warmed to 35 ""C. They were then rinsed with tap water, washed with de- 
ionized water and hot-air dried as in Example 1 . These aluminum Dl cans were 
then evaluated for corrosion resistance and adhesion by the aforementioned 
methods. 

Composition of Surface Treatment Solution 5 

75 % Phosphoric acid (H3PO4) 138 ppm (PO4 : 100 ppm) 

20 % Fluozirconic acid (HjZrFe) 11 37 ppm (Zr : 100 ppm) 

20 % Hydrofluoric acid (HF) 235 ppm (F : 170 ppm) 

Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 
Treatment Solution 1 . 
pH 2.5, adjusted using nitric acid and aqueous ammonia 
Example 6 

Cleaned aluminum Dl cans were spray treated in the same manner as de- 
scribed in Example 1 prior to treatment with Surface Treatment Solution 1 . then 
spray treated for 15 seconds with Surface Treatment Solution 6 of the composi- 
tion below warmed to 35 **C. They were then rinsed with tap water, washed with 
deionized water and hot-air dried as in Example 1. These aluminum Dl cans 
were then evaluated for corrosion resistance and adhesion by the aforemen- 
tioned methods. 
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Composition of Surface Treatment Solution 6 






75 % Phosphoric acid (H3PO4) 


412 ppm 


(PO4. 


300 ppm) 


20 % Fluotitanic acid (HjTiFg) 


683 ppm 


(Ti 


: 40 ppm) 


20 % Fluozirconic acid (HjZrFg) 


455 ppm 


(Zr 


: 40 ppm) 


20 % Hydrofluoric acid (HF) 


1 57 ppm 


(F 


: 80 ppm) 


Water-soluble resin 


500 ppm 







The water-soluble resin conformed to Formula (1 ) above when the 
average value of n = 5, = = C2H5, and = = 
CH2N(CH2CH20H)2. 
10 pH 3.0 (adjusted using nitric acid and aqueous ammonia) 

Example 7 

Cleaned aluminum Dl cans were spray treated for 1 5 seconds with Sur- 
face Treatment Solution 7 of the composition below warmed to 35 "C, and then 
rinsed with water, rinsed with deionized water and hot-air dried as in Example 1. 
15 These aluminum Dl cans were then evaluated for corrosion resistance and adhe- 
sion by the aforementioned methods. 

Composition of Surface Treatment Solution 7 
75 % Phosphoric acid (H3PO4) 69 ppm 
20 % Fluozirconic acid (HjZrFg) 455 ppm 
20 20 % Hydrofluoric acid (HF) 25 ppm 
31 % Hydrogen peroxide (HjOj) 966 ppm 
Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 
Treatment Solution 6. 
25 pH 2.5 (adjusted with nitric acid and aqueous ammonia) 

Example 8 

Cleaned aluminum Dl cans were spray treated for 40 seconds with Sur- 
face Treatment Solution 8 of the composition below warmed to 35 "C. and then 
rinsed with water, rinsed with deionized water and hot-air dried as in Example 1 . 
30 These aluminum Dl cans were then evaluated for corrosion resistance and 
adhesion by the aforementioned methods. 
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Composition of Surface Treatment Solution 8 

75 % Phosphoric acid (H3PO4) 69 ppm (PO4 : 50 ppm) 

20 % Fluozirconic acid (HjZrFg) 455 ppm (Zr : 40 ppm) 

20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

5 Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 
Treatment Solution 6. 
pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
Example 9 

10 Cleaned aluminum Dl cans were spray treated for 1 5 seconds with Sur- 

face Treatment Solution 9 of the composition below warmed to 40 ""C, and then 
rinsed with water, rinsed with deionized water and hot-air dried as in Example 1 . 
These aluminum Dl cans were then evaluated for corrosion resistance and adhe- 
sion by the aforementioned methods. 

15 Composition of Surface Treatment Solution 9 

75 % Phosphoric acid (H3PO4) 69 ppm (PO4 : 50 ppm) 

20 % Fluotitanic acid (HjTiFg) 683 ppm (Ti : 40 ppm) 

20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

t-Butyl hydroperoxide 500 ppm 

20 Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 
Treatment Solution 6. 
pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
Example 10 

25 Cleaned aluminum Dl cans were spray treated for 40 seconds with 

Surface Treatment Solution 10 of the composition below warmed to 40 **C, and 
then rinsed with water, rinsed with deionized water and hot-air dried as in Ex- 
ample 1 . These aluminum Dl cans were then evaluated for corrosion resistance 
and adhesion by the aforementioned methods. 

30 Composition of Surface Treatment Solution 10 

75 % Phosphoric acid (H3PO4) 69 ppm (PO4 : 50 ppm) 

20 % Fluotitanic acid (HjTiFg) 683 ppm (Ti : 40 ppm) 
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20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 
Treatment Solution 6. 
pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
Example 1 1 

Cleaned aluminum Dl cans were treated by immersion for 15 seconds in 
Surface Treatment Solution 1 1 of the composition below warmed to 40 **C. and 
then rinsed with water, rinsed with deionized water and hot-air dried as in Ex- 
ample 1. These aluminum Dl cans were then evaluated for corrosion resistance 
and adhesion by the aforementioned methods. 
Composition of Surface Treatment Solution 1 1 

75 % Phosphoric acid (H3PO4) 69 ppm (PO^ : 50 ppm) 

20 % Fluozirconic acid (H2ZrF6) 455 ppm (Zr : 40 ppm) 

20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

31 % Hydrogen peroxide (H2O2) 966 ppm (HjOj: 300 ppm) 

Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 

Treatment Solution 6. 
pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
Example 12 

Cleaned aluminum Dl cans were treated by immersion for 50 seconds in 
Surface Treatment Solution 12 of the composition below warmed to 40**C. and 
then rinsed with water, rinsed with deionized water and hot-air dried as in Ex- 
ample 1 These aluminum Dl cans were then evaluated for corrosion resistance 
and adhesion by the aforementioned methods. 
Composition of Surface Treatment Solution 12 

75 % Phosphoric acid (H3PO4) 69 ppm (PO4 : 50 ppm) 

20 % Fluozirconic acid (H2ZrF6) 455 ppm (Zr : 40 ppm) 

20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 
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Treatment Solution 6. 
pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
Example 13 

Cleaned aluminum Dl cans were treated by immersion for 1 5 seconds in 
5 Surface Treatment Solution 1 3 of the composition below warmed to 40 '•C, and 
then rinsed with water, rinsed with deionized water and hot-air dried as in Ex- 
ample 1 . These aluminum Dl cans were then evaluated for corrosion resistance 
and adhesion by the aforementioned methods. 
Composition of Surface Treatment Solution 13 
10 75 % Phosphoric acid (H3PO4) 69 ppm (PO4 : 50 ppm) 

20 % Fluozirconic acid (H2ZrF6) 455 ppm (Zr : 40 ppm) 

20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

31 % Hydrogen peroxide (HjOj) 644 ppm (H2O2: 200 ppm) 

Water-soluble resin 500 ppm 

15 The water-soluble resin was the same as that used in Surface 

Treatment Solution 6. 
pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
Example 14 

Cleaned aluminum Dl cans were treated by immersion for 50 seconds in 
20 Surface Treatment Solution 14 of the composition below warmed to 40 **C, and 
then rinsed with water, rinsed with deionized water and hot-air dried as in Ex- 
ample 1 . These aluminum Dl cans were then evaluated for corrosion resistance 
and adhesion by the aforementioned methods. 
Composition of Surface Treatment Solution 14 
25 75 % Phosphoric acid (H3PO4) 69 ppm (PO4 : 50 ppm) 

20 % Fluozirconic acid (HjZrFg) 455 ppm (Zr : 40 ppm) 

20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 
30 Treatment Solution 6. 

pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
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Comparison Example 1 

Cleaned Dl aluminum cans were spray treated for 25 seconds with 
ALODINE® 404 zirconium phosphate surface treatment solution for aluminum 
Dl cans (commercially supplied by Nihon Parkerizing) warmed to 35 °C, and then 
rinsed with tap water, washed with deionized water and hot-air dried as in Ex- 
ample 1; these aluminum Dl cans were then evaluated for corrosion resistance 
and adhesion by the aforementioned methods. 

Comoarison Example 2 

Cleaned Dl aluminum cans were spray treated for 25 seconds with ALO- 
DINE® 404 zirconium phosphate surface treatment solution for aluminum Dl 
cans (commercially supplied by Nihon Parkerizing) warmed to 35 **C. and then 
treated by spraying for 2 seconds in Surface Treatment Solution 15 of the com- 
position below warmed to 35 '^C. and then rinsed with water, rinsed with deion- 
ized water and hot-air dried as in Example 1 . and these aluminum Dl cans were 
then evaluated for corrosion resistance and adhesion by the aforementioned 
methods. 

Composition of Surface Treatment Solution 15 

75 % Phosphoric acid (H3PO4) 69 ppm (PO4 : 50 ppm) 

20 % Fluozirconic acid (HjZrFg) 455 ppm (Zr : 40 ppm) 

20 % Hydrofluoric acid (HF) 25 ppm (F : 55 ppm) 

Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 

Treatment Solution 6. 
pH 2.5 (adjusted with nitric acid and aqueous ammonia) 
Comparison Example 3 

Cleaned aluminum Dl cans were spray treated in the same manner as de- 
scribed in Comparison Example 2 prior to treatment with Surface Treatment 
Solution 15, then treated by spraying for 120 seconds in Surface Treatment 
Solution 16 of the composition below warmed to 35 °C, and then rinsed with 
water, rinsed with deionized water and hot-air dried as in Example 1 , and these 
aluminum Dl cans were then evaluated for corrosion resistance and adhesion by 
the aforementioned methods. 
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Composition of Surface Treatment Solution 16 

75 % Phosphoric acid (H3PO4) 1 38 ppm (PO4 : 1 00 ppm) 

20 % Fluozirconic acid (HjZrFg) 500 ppm (Zr : 44 ppm) 

20 % Hydrofluoric acid (HF) 210 ppm (F : 40 ppm) 

pH 3.0 (adjusted with nitric acid and aqueous ammonia) 
Comparison Example 4 

Cleaned aluminum Dl cans were spray treated for 20 seconds in Surface 
Treatment Solution 17 of the composition below warmed to SS^'C. and then 
rinsed with water, rinsed with deionized water and hot-air dried as in Example 1 , 
and the resulting aluminum Dl cans were evaluated for corrosion resistance and 
adhesion by the aforementioned methods. 
Composition of Surface Treatment Solution 17 

75 % Phosphoric acid (H3PO4) 1 38 ppm (PO4 : 1 00 ppm) 

20 % Fluozirconic acid (H2ZrFg) 500 ppm (2r : 44 ppm) 

20 % Hydrofluoric acid (HF) 236 ppm (F : 60 ppm) 

Water-soluble resin 500 ppm 

The water-soluble resin was the same as that used in Surface 

Treatment Solution 6. 
pH 0.8 (adjusted with nitric acid) 
Compahson Example 5 

Cleaned aluminum Dl cans were spray treated for 1 second with the afore- 
mentioned Surface Treatment Solution 8 warmed to 35 "'C, and then rinsed with 
water, rinsed with deionized water and hot-air dried as in Example 1 . The result- 
ing aluminum Dl cans were evaluated for conrosion resistance and adhesion by 
the aforementioned methods. 

Comparison Example 6 

Cleaned aluminum Dl cans were spray treated in the same manner as de- 
saibed in Comparison Example 2 prior to treatment with Surface Treatment So- 
lution 15, and then surface treated as disclosed in Japanese Unexamined Patent 
Document S64-85292. The resulting aluminum Dl cans were then evaluated for 
corrosion resistance, adhesion and mobility by the aforementioned methods. 
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Comparison Example 7 

Cleaned aluminum Dl cans were spray treated in the same manner as de- 
scribed in Comparison Example 2 prior to treatment with Surface Treatment 
Solution 15, and then surface treated as disclosed in Japanese Unexamined 
5 Patent Document H04-66671 . The resulting aluminum Dl cans were then evalu- 
ated for corrosion resistance, adhesion and mobility by the aforementioned meth- 
ods. 

The evaluation results for Examples 1 to 14 and Comparative Examples 
1 to 7 are reported in Table 1. 
10 It is clear from the results of Table 1 that in Examples 1 to 14, in each of 

which a surface treatment solution and method of the present invention was 
used, the corrosion resistance, mobility and adhesion to paint of the resulting sur- 
faces were outstanding. On the other hand, the surface coating films of Compar- 
ison Examples 1 to 4 in which a surface treatment solution and method for sur- 
face treatment outside the limits of the present invention were used were inferior 
in at least one of darkening, whitening, mobility, or adhesion to paint; 
Comparison Example 1 did not contain the water-soluble resin which is required 
in a surface treatment solution of the present invention, and consequently ade- 
quate whitening resistance and mobility were not obtained. 
In Comparison Example 2, the aluminum-containing metal was brought into 
contact with a conventional zirconium phosphate type surface treatment solution 
and then, without rinsing in water, the surface film formed was brought into con- 
tact with a surface treatment solution of the present invention for 1 second; how- 
ever, because the duration of contact between the aluminum-containing metal 
and the surface treatment solution of the present invention was outside the limits 
thereof, outstanding whitening resistance and mobility were not obtained. 
In Comparison Example 3, the aluminum-containing metal was brought into con- 
tact for 25 seconds with a conventional zirconium phosphate type surface treat- 
ment solution and then, without rinsing in water, the surface film formed was 
brought into contact for 20 seconds with Surface Treatment Solution 1 6. Surface 
Treatment Solution 16 did not include a water-soluble resin of the present inven- 
tion, and consequently outstanding whitening resistance was not obtained. In 
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Table 1 . Results of the Evaluations 
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addition, the quantity of zirconium adhered to the aluminum-containing metal was 
excessive, and hence outstanding adhesion to paint was not obtained. 
In Comparison Example 4, the pH of a surface treatment otherwise according to 
the present invention was lowered to 0.8, with the result that the etching effecton 
the surface of the aluminum-containing metal became excessive, it became dif- 
ficult to form a surface coating film and outstanding resistance to darkening and 
whitening were not obtained. 

In Comparison Example 5. the duration of contact between the aluminum-con- 
taining metal and the surface treatment solution of the present invention was 
shortened to 1 second, so that adequate surface film formation was not possible 
and there was no noticeable improvement in blackening resistance, whitening 
resistance or mobility. 

In Comparison Example 6, with the surface treatment disclosed in Japanese Un- 
examined Patent Document S64-85292 only mobility was improved; there was 
no noticeable improvement in whitening resistance. 

In Comparison Example 7, the surface treatment disclosed in Japanese Unexam- 
ined Patent Document H04-66671 did not give outstanding paint adhesion. 
Benefits of the Invention 

It is clear from the explanation above that with a surface treatment solution 
and method for surface treatment of the present invention it is possible to form 
on the unpainted surface of aluminum-containing metallic material a coating film 
which has outstanding corrosion resistance, mobility and adhesion to paint. 

In addition, by treating the surface of aluminum Dl cans with a surface 
treatment solution of the present invention it is possible to confer outstanding 
corrosion resistance and adhesion to paint on the surface of the aluminum cans 
before painting and printing, and it also becomes possible to make conveying 
more smooth. 

Therefore, surface solutions for surface treatment of metallic materials 
containing aluminum and the method of surface treatment of the present inven- 
tion are both extremely practically useful. 
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Claims 

1 . An aqueous liquid composition for treating the surface of aluminiferous 
metals, either as such or after dilution with additional water, said composition 
comprising water and, in parts by weight: 

(A) from 1 to 100 parts of dissolved phosphate ions; 

(B) an amount of material selected from the group consisting of dissolved zir- 
conium, titanium, or both zirconium and titanium containing compounds 
that is stoichiometrically equivalent to from 1 to 50 parts of zirconium and/ 
or titanium atoms; 

(C) an amount of material selected from the group consisting of dissolved 
fluorine-containing anions that is stoichiometrically equivalent to from 1 to 
100 parts of fluorine atoms; and 

(D) from 1 to 200 parts of dissolved polymer conforming to the following gen- 
eral formula (I): 



(1) 



OH 




in which each of and independently of each other and independent- 
ly from one unit of the polymer, said unit being defined as a moiety con- 
forming to a modification of formula (I) above with the brackets and the 
subscript n omitted, to another unit of the polymer represents a hydrogen 
atom, a to Cg alky! group, or a to Cg hydroxyalkyi group; each of 
and independently of one another and independently for each unit of 
the polymer represents a hydrogen atom or a moiety "Z" which conforms 
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to one of the following formulas (II) and (III): 



— CH 2 — N 




R3 



(II) CHj-W 



4 



(III) 



Wherein each of R\ R^. R^, and R^ in formulas (II) and (III) independ- 
ently represents a Ci to C^q alkyi group or a to C-,o hydroxyalkyi group; 
one moiety Z in the polymer molecule may be identical to or may differ 
from any other moiety Z in the polymer molecule, so long as each con- 
forms to one of formulas (II) and (III); the average value for the number of 
Z moieties substituted on each aromatic ring in the polymer molecule is 
from 0.2 to 1.0; n is a positive integer; and the average value of n over all 
of component (D) is from 2 to 50. 

2. A composition according to claim 1 , additionally comprising from 1 to 100 
parts by weight of an oxidizing agent component (E). 

3. A composition according to claim 2, wherein the oxidizing agent is select- 
ed from the group consisting of hydrogen peroxide and organic peroxy com- 
pounds. 

4. A composition according to claim 3, wherein components (A) through (D) 
are present in amounts having a ratio to one another of 2 to 40 parts of compon- 
ent (A) ; 2 to 8 parts of stoichiometric equivalent of zirconium and titanium in total 
of component (B) : 3 to 60 parts of stoichiometric equivalent of fluorine atoms of 
component (C) : 1 to 200 parts of water-soluble polymer of component (D). 

5. A composition according to claim 2, wherein components (A) through. (D) 
are present in amounts having a ratio to one another of 2 to 40 parts of compon- 
ent (A) ; 2 to 8 parts of stoichiometric equivalent of zirconium and titanium in total 
of component (B) : 3 to 60 parts of stoichiometric equivalent of fluorine atoms of 
component (C) : 1 to 200 parts of water-soluble polymer of component (D). 

6. A composition according to claim 1 , wherein components (A) through (D) 
are present in amounts having a ratio to one another of 2 to 40 parts of compon- 
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ent (A) : 2 to 8 parts of stoichiometric equivalent of zirconium and titanium In total 
of component (B) : 3 to 60 parts of stoichiometric equivalent of fluorine atoms of 
component (C) : 1 to 200 parts of water-soluble polymer of component (D). 

7. A composition according to any one of claims 1 through 6 having: a pH 
value from 1.0 to 5.0. dissolved phosphate ions present in a concentration from 
0.01 to 1 .0 g/L. component (B) present in an amount corresponding stoichiomet- 
rically to from 0.01 to 0.50 g/L total of zirconium and titanium, component (C) 
present in an amount corresponding stoichiometrically to from 0.01 to 2.0 g/L of 
atomic fluorine, component (D) present in a concentration from 0.01 to 2.0 g/L, 
and oxidizing agent either absent or present in a concentration from 0.01 to 1 .0 
g/L 

8. A process for treating an aluminiferous metal surface in order to form on 
said surface a corrosion protective, paint adherent coating, said process compris- 
ing steps of: 

(I) bringing the metal surface being treated into contact with an aqueous li- 
quid coat-forming composition according to claim 7. so as to convert the 
metal surface contacted to a coated metal surface; 

(II) separating the coated metal surface formed in step (I) from the aqueous 
liquid coat-forming composition with which it was contacted in step (I) and 
thereafter rinsing the coated metal surface with water to produce a rinsed 
coated metal surface; and 

(III) heating the rinsed coated metal surface sufficiently to dry said surface and 
form a dry coated metal surface. 

9. A process according to claim 8. v^tierein the dry coated metal surface has 
an amount of total of titanium and zirconium on its surface that is greater by from 
6 to 20 mg/m^ than was present on the surface of the metal substrate before be- 
ginning step (I). 

10. A process according to claim 9, wherein contact in step (I) is maintained 
for a time from 2 to 100 seconds and the temperature of the aqueous liquid coat- 
forming composition during step (I) is from 25 to 60 **C. 

11. A process according to claim 10, wherein the time is from 3 to 50 seconds. 
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1 2. A process according to claim 1 1 . \A4ierein the time is from 5 to 20 seconds. 

13. A process for treating an aluminiferous metal surface in order to form on 
said surface a corrosion protective, paint adherent coating, said process compris- 
ing steps of: 

(I) bringing the metal surface being treated into contact with an aqueous li- 
quid coat-forming composition according to any one of claims 1 through 
6, so as to convert the metal surface contacted to a coated metal surface; 

(II) separating the coated metal surface fomied in step (I) from the aqueous 
liquid coat-forming composition with which it was contacted in step (I) and 
thereafter rinsing the coated metal surface with water to produce a rinsed 
coated metal surface; and 

(III) heating the rinsed coated metal surface sufficiently to dry said surface and 
form a dry coated metal surface. 

14. A process according to claim 13, wherein the dry coated metal surface 
has an amount of total of titanium and zirconium on its surface that is greater by 
from 6 to 20 mg/m^ than was present on the surface of the metal substrate be- 
fore beginning step (I). 

15. A process according to claim 14, wherein contact in step (I) is maintained 
for a time from 2 to 100 seconds and the temperature of the aqueous liquid coat- 
forming composition during step (I) is from 25 to 60 *C. 

16. A process according to claim 15. wherein the time is from 3 to 50 seconds. 

17. A process according to claim 16, wherein the time is from 5 to 20 seconds. 
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